ABSTRACT Immunochemical relatedness of preparations of purified somatotropins (growth hormones) or somatotropins in pituitary extracts from various vertebrate species was investigated by applying an antiserum to a purified somatotropin from a submammalian species, the snapping turtle. With the exception of monkey somatotropin, all mammalian, reptilian, and avian preparations tested showed reactions of identity or near identity by immunodiffusion studies in agar gel. Radioimmunoassay employing labeled rat somatotropin as a tracer and for standards, revealed that these same pituitary preparations gave steep inhibition slopes that were parallel or nearly parallel to each other. Purified somatotropins or somatotropins in pituitary extracts of subreptilian species, including an amphibian and existing primitive fishes,
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showed partial yet substantial relatedness to mammalian (rat) or reptilian (turtle) somatotropins by both immunodiffusion and radioimmunoassay. Our evidence indicates that the immunochemical relatedness of somatotropins from various vertebrate species appears to be even closer than has been suggested previously, and that a high degree of conservation of structure occurs during evolution.
Comparative studies conducted a few years ago with monkey antiserum to rat pituitary somatotropin indicated the existence of close immunochemical relatedness among somatotropins of numerous mammalian species (1) (2) (3) (4) (5) (6) (7) , and further suggested that these hormones in crude extracts of pituitaries from submammalian species likewise showed significant, but decreasing immunochemical relatedness to mammalian somatotropins the greater the phylogenetic distance from the mammal (3). For example, somatotropins in extracts of pituitaries from several birds and reptiles gave qualitative reactions of partial identity when compared to mammalian somatotropins when tested in the agar gel diffusion test of Ouchterlony (8) , although the somatotropins in the pituitary extracts of the birds and reptiles tested revealed reactions of identity with each other. Furthermore, somatotropins in the pituitary extracts of amphibian species (Rana catesbeiana and Necturus maculosus) showed reactions of only partial identity with somatotropin in extracts of pituitaries from the phylogenetically higher birds and reptiles. These results have been partially substantiated by later studies with monkey antiserum to rat somatotropin, in which purified somatotropins (9, 10) were used instead of the crude pituitary extracts; these studies demonstrated reactions of identity between somatotropins of the turtle and several avian species.
The results of our most recent investigation are reported here in which the immunochemical relatedness of somatotropins from the various vertebrate species has been re-examined by using an antiserum to a purified somatotropin from a more primitive, phylogenetically lower species, the turtle, instead of an antiserum to a mammalian somatotropin (rat) that had been used in all of our earlier studies. We were curious to determine what differences, if any, in immunochemical relatedness of somatotropins might be observed by our taking such an approach.
MATERIALS AND METHODS
Antiserum was produced in rhesus monkeys by immunizing them with purified somatotropin prepared from frozen pituitary glands of the snapping turtle (Chelydra serpentina) (9, 10) ; an injection protocol similar to that previously described for the production of antisera to rat somatotropin in the same species was followed (1) . Before use, the antiserum was absorbed with normal turtle serum and with purified ovine prolactin. The pituitary extracts to be tested were prepared from fresh frozen glands by homogenization in phosphatesaline buffer at pH 7.5 (1, 3) . To investigate the immunochemical relatedness of somatotropin from various vertebrate species, we used both precipitin reactions in agar gel medium according to the method of Ouchterlony (8) and the double antibody radioimmunoassay procedure essentially as described by Schalch and Reichlin (11) .
EXPERIMENTAL AND RESULTS
In the immunodiffusion studies, a series of agar plates were set up to test the reactivity of either purified somatotropin or pituitary extracts from various vertebrate species. The antiserum to turtle somatotropin was placed in the center well of each agar plate. In the first plate ( Fig. 1A ) highly purified somatotropin from several different mammalian species were tested in addition to highly purified turtle (snapping turtle) somatotropin and a pituitary extract from the same species. To our surprise, not only did all purified mammalian somatotropins give a precipitin line of qualitative identity with each other (end to end fusion), in agreement with our earlier findings with monkey antiserum to rat somatotropin (1), but also with the turtle (reptilian) somatotropin and pituitary extract. In the second agar plate we tested extracts prepared from the pituitaries of two of the most primitive mammals in existence, namely, the spiny anteater (Echidna tachyglossus) of Australia, which is an egg-laying mammal (monotreme), and a marsupial species, the brushtailed possum (Trichosurus vulpecula). Fig. 1B shows that each of these two pituitary extracts, presumably due to their somatotropin content, likewise showed a precipitin line of identity with the purified turtle somatotropin in the lowermost well in addition to the other purified mammalian somatotropins and turtle pituitary extract in the upper wells.
We have thus far tested either purified somatotropins or pituitary extracts from species representing five different mammalian orders, and all of these have given reactions of identity or near identity with reptilian (turtle) somatotropin when monkey antiserum to the latter hormone is used.
Moreover, this same antiserum has shown a reaction of identity between two purified avian somatotropins (duck and chicken) (9) and the somatotropins in the pituitary extracts of the turtle and a second reptilian species, the American al- ligator (Fig. 1G ). In the same figure it may be seen that purified monkey somatotropin did not give a detectable precipitin reaction. This observation is similar to that previously reported for monkey antiserum to rat somatotropin, which likewise showed no precipitin reaction with primate somatotropin (monkey or human) (1) . However, by the more sensitive technique of radioimmunoassay, a very significant degree of reaction has been observed with purified monkey somatotropin when the same monkey antiserum to turtle somatotropin was used as is used in the present study (Hayashida, unpublished observation). In the fourth agar plate (Fig. iD) the immunochemical relatedness of somatotropin in pituitary extracts of various fishes was tested. Interestingly, the pituitary extract of a primitive bony fish (sturgeon, Acipenser transmontanus) gave a clear reaction of partial identity with somatotropin in the turtle pituitary extract (indicated by spur formation), whereas the pituitary extract of another primitive fish represented by the shark (smooth dogfish, Mustelus canis) in turn gave a reaction of partial identity with the sturgeon pituitary extract, presumably with the somatotropin in the extract. That the precipitin line shown by the shark pituitary extract was due to its somatotropin content is strongly suggested by the fact that it gave a reaction of identity with purified shark somatotropin (Lewis) All the purified somatotropins and pituitary extracts used in the immunodiffusion studies were also tested by radioimmunoassay with the same antiserum. The details of the double antibody radioimmunoassay procedure employed have been previously described (2, 3) . Highly purified rat somatotropin (Ellis, RGH 3 USP units/mg) was used for labeling with 1'3I according to the procedure of Greenwood et al. (12) and was also used for the preparation of standards. The antiserum was employed at a final dilution of 1:100,000. The results of a typical radioimmunoassay are shown in Fig.  2A-B . In all assays, an attempt was made to achieve a total binding of approximately 55% to 60% of the added tracer ('311-labeled somatotropin). Excellent competitive inhibition of this binding was obtained upon addition of increasing amounts of the unlabeled somatotropin (RGH) standard, as may be seen from the figure. The ability of pituitary extracts obtained from various vertebrate species to inhibit competitively the antibody binding of labeled somatotropin was tested in this system as an indication of the immunochemical relatedness of the somatotropin contained in the respective pituitary extracts in comparison with the standard. Extracts of pituitaries from the two primitive mammals (a monotreme and a marsupial) and the American alligator, gave inhibition slopes that were parallel to that of the somatotropin standard. These same extracts had-given reactions of identity with each other in the immunodiffusion amphibian and relatively primitive fishes gave curves with lesser slopes, which showed significant relatedness to those of the phylogenetically higher species. Alligator pituitary extracts and shark somatotropin curves are represented by broken lines. These preparations were run in other assays in which the total binding of labeled RGH and the slope of the RGH standard curves were essentially identical to those shown here, and were therefore entered in this figure to illustrate their relative positions and slopes with respect to the standard curves. studies described above. A purified somatotropin or pituitary extract of the snapping turtle has always shown a similar slope, which was usually slightly steeper than that of the rat somatotropin standard. The pituitary extracts of the primitive fishes showed significant immunochemical relatedness as indicated by their inhibition slopes ( Fig. 2A) , which were less steep than that of the somatotropin standard, with those of the sturgeon and bowfin being essentially parallel to each other and that of the shark showing a significantly lesser slope than those of the other two fishes. However, in other assays the pituitary extracts of modern bony fishes, including the striped bass and salmon, have given only weak cross-reactions indicated by their relatively flat inhibition slopes. Fig. 2B shows the results of radioimmunoassay obtained with purified somatotropin preparations instead of pituitary extracts from various vertebrate species. It may be seen that purified ovine and bovine somatotropin as well as a purified avian (duck) somatotropin gave inhibition slopes that closely paralleled the somatotropin standard. Somatotropins of other mammalian (porcine, whale) and avian (turkey, chicken, pigeon) species tested in other assays likewise gave inhibition curves that closely resembled those of ovine and bovine somatotropin in both slope and position. A partially purified amphibian (bullfrog, Rana catesbeiana) somatotropin preparation showed an inhibition curve with a slightly lesser slope than that of the standard, and a purified shark (Prionace glauca) somatotropin gave a curve with an even lower slope. A comparison of this slope with that of a pituitary extract of the shark (smooth dogfish, Mustelus canis) in Fig. 2A 
is)
3) (13, 14) in the rat tibia assay of Greenspan et al. (16) , whereas the hormones in pituitary extracts of modern bony fishes (striped bass, mackerel, and salmon) were found to be inactive (3) . It has been previously stated that the primitive fishes studied are believed to be less divergent from the main line of vertebrate evolution leading to tetrapods, than are the highly evolved modern bony fishes (13, 14) . (1, 3, 13, 14) , lends further supporting evidence for the existence of common biologically active cores as well as common immunoreactive sites in the somatotropin molecules.
Although the data accumulated thus far suggest that the immunochemical cross-reactions observed with antisera to turtle or rat somatotropin are indeed due to reactions with somatotropin in the pituitary extracts, there remains the possibility that prolactin or prolactin-like molecules of some of the lower vertebrate species might conceivably interact with antisera to somatotropin. The probable existence of some ancestral molecule for this hormone and prolactin has been postulated since there are a number of structural similarities between these molecules among the mammalian species studied (17) (18) (19) . In spite of this, no cross-reactions have been demonstrated with antisera to mammalian somatotropins or prolactin when tested against the heterologous mammalian hormone (20) . Except for a recent preliminary report on teleost prolactin (21) , practically no information is available concerning the structure of prolactin or prolactin-like molecules of lower vertebrate species that might be structurally related to somatotropin. Thus, the possibility of immunochemical cross-reactivity of such molecules when employing antisera to somatotropin must remain purely speculative until such time as they become available for adequate test- ing.
